A survey of soil fauna in Poland revealed 30 cases of centipedes carrying mites of the sub-order Uropodina. The 155 phoretic deutonymphs collected belonged to two species of Uropodina -Oodinychus ovalis (C.L. Koch, 1839) and Uroobovella pulchella (Berlese, 1904). These mites displayed a high degree of selectivity in their choice of carrier. The only species of centipede transporting mites was Lithobius forficatus (Linnaeus, 1758), despite the presence of 30 other species in the same habitats. It is possible that the large size and relatively fast speed of movement of this centipede make it a very good mite carrier. The majority of the mites were located on the sides of the centipedes, on segments near the anterior end. The high selectivity in the choice of carrier as well as the point of attachment suggests adaptation by the mites for phoresy by L. forficatus.
INTRODUCTION
Phoresy is a phenomenon involving the active transport of one animal by another. It constitutes a highly effective method of dispersal for small flightless invertebrates, such as mites. It creates an opportunity for them to rapidly colonize temporary microhabitats isolated from one another and spread over a wide area (e.g. tree holes). It is also a strategy for speedy colonization of new areas. Phoretic ability is an essential condition for the survival of species with limited mobility that live in specific microhabitats or temporary environments.
The literature on the subject includes a range of publications concerning links between mites and insects (Faasch, 1967; Ramsey, 1967; Moser, 1976; Desender & Veneechoutte, 1984; Philips, 1984; Lehtinen, 1987; Athias-Binche & Habersaat, 1988; Wi niewski & Hirschmann, 1992; Athias-Binche, 1993 Athias-Binche et al., 1993; Mašán, 1993 Mašán, , 1994 Fain et al., 1995; B oszyk, 1999; Gwiazdowicz, 2000; B oszyk et al., 2002a; Bajerlein & B oszyk, 2004; Bajerlein & Przewo ny, 2005) . There is, however, little information on the dispersal of mites by centipedes. Such information that is available is found in Lewis (1981) , who lists 9 species of centipede in which phoresy has been observed. More recently Mašán (2001) , in his work on Uropodina in Slovakia, mentions phoretic deutonymphs of Oodinychus ovalis and Uroobovella pulchella on Lithobius forficatus.
The paper reports the links between centipedes and mite species of the sub-order Uropodina*. This group of mites often inhabits decaying or rotten wood and tree holes, creating in this microhabitat a community that is distinct in its species composition from the groups that occur in soil (B oszyk, 1990; B oszyk et al., 2003, Markowicz, unpubl. data) .
We investigated whether centipedes are being chosen selectively by phoretic deutonymphs, and whether the mites prefer particular parts of the host's body. Bajerlein & B oszyk (2004) showed preferences of deutonymphs of U. orbicularis towards particular body parts of beetles. We also examined whether the frequency of phoresy depends on anthropogenic modification of the environment.
The results of the research on other mite groups transported by centipedes will be presented in future publications.
MATERIAL AND METHODS
Material for this study came from research conducted by one of us (Le niewska) on centipedes in Poland in the years 1995-2004, in 13 habitats at different stages of degradation, from protected areas in natural reserves to urban green areas (Le niewska, 1999; Le niewska et al., 2005, Le niewska, unpubl.) .
Centipedes on which mites were found were collected using both qualitative and quantitative methods. The qualitative methods involved seeking out and capture of centipedes in all accessible microhabitats, namely under bark, under moss, from logs and tree trunks, under fallen branches and stones, exposed tree roots, from soil and litter, etc. The quantitative soil-litter samples were collected using a frame with 25 cm × 25 cm sides, which was inserted into the soil to a depth of about 15-20 cm depending on habitat conditions. The material collected in this manner was sorted by hand.
Studies were conducted at different times on particular plots. Material collected also varied in the number of samples. The results presented here are preliminary, and the material studied was collected during earlier studies on Chilopoda, which did not focus on the phoresy. Details of where, when and how the samples were collected are shown in Table 1 . Localities are described below.
Research sites
The areas in which cases of phoresy were recorded lie in the northwestern area of Poland, in the Zachodnio-Pomorskie and Wielkopolskie provinces. Phoretic Uropodina were recorded at sites 1-4:
1. Bielinek (BIL). A 75.5 ha nature reserve of forest and grassland in the district of Cedynia (Zachodnio-Pomorskie province), created to preserve areas of mixed forest-grassland on the steep slopes of the Oder valley. There are downy oaks (Quercus pubescens) and numerous xerothermic species from the mediterranean area at this site.
2. Cytadela (CYT). An urban park of approximately 100 ha located in the middle of Pozna . It includes the Winiary military fort established in the 19th century. The wooded and grassy areas are crossed by a network of asphalt and cinder pathways. It is entirely surrounded by a dry moat several meters deep.
3. opuchówko ( OP). A 9.28 ha nature reserve, containing oak-pine forest mixed with a sprinkling of hornbeam and beech, comprising part of the Puszcza Zielonka Landscape Park.
4. Obrzycko (OBR). A town located in Wielkopolska district, where the Sama river joins the Warta, to the northwest of Pozna . Centipedes were collected in the 19.2 ha park, which dates from the first half of the 19th century. In this degraded park there are many old, monumental trees (larch, oak, linden).
At sites 5-13, phoretic non-uropodid mites were recorded, or no phoretic mites were recorded (Table 2) .
5. Huby Grzebieniskie (HG). A nature reserve of 1.28 ha, created for the protection of oak-hornbeam forest (Galio sylvaticiCarpinetum) and containing the only site of Cypripedium calceolous in the Wielkopolska district.
6. Byty skie Brz ki (BB). A nature reserve of 14.24 ha in the Wielkopolska district, oak hornbeam forest with a large number of Sorbus torminalis.
7. Brz ki przy Starej Gajówce (BG). A nature reserve in Wielkopolska of 5.96 ha -a fragment of hornbeam forest with one of the highest concentrations of Sorbus torminalis in Wielkopolska.
8-12. Duszniki woodlands. The next 5 areas are in the Wielkopolska district. The area of the whole forest complex amounts to 0.9 km 2 . The first two areas (G1 and G2) are located in an old stand of trees (over 120 years old). The third area (G3) is an approximately 60-year-old oak-hornbeam forest that has grown up on a site that was clear-falled. The next two areas (G4 and G5) are approximately 20-year-old clear-falled sites on which oak saplings were planted immediately after felling.
13. Pieniny National Park (PNP). The study area of 2.5 ha was established in the beech forest Fagetum carpaticum in the Pieni ski Potok Valley.
Characteristics of phoretic mites and their hosts
Uroobovella pulchella (Figs 1-6). A European species occurring in Poland evenly across the entire country. It is associated mainly with rotten tree stumps as well as decomposing logs and tree holes, where it achieves its highest frequency and is only sporadically encountered in soil. It is particularly associated with spruce and fir forests as well as with stands of pine. It is a lowland species with optimal occurrence below 500 m above sea level. It reproduces parthenogenically, though in particular populations males may occur sporadically (sex ratio 1 : 100) (B oszyk, 1999) . U. pulchella is a phoretically transported species. In the investigated material a total of 56 phoretic deutonymphs were found, all transported by L. forficatus.
Oodinychus ovalis . A common, widely occurring European species, found in many countries. It occurs evenly across the entire area of Poland. It prefers the soil and litter of various types of forest, but a significant part of its population also inhabits unstable microhabitats (merocenoses) and open environments. The optimal occurrence of the species is generally accepted to be below 500 m above sea level, but it has also been found at an altitude of 1300 m. O. ovalis is an abundant species phoretically transported by centipedes. A total of 99 phoretic deutonymphs were observed being transported by centipedes.
Lithobius forficatus (Chilopoda, Lithobiomorpha). A eurytopic, West-Palearctic species. It is the most common centipede in Poland, inhabiting the whole area of the country, in all types of habitat -forests, meadows, grasslands, peatbogs and wastelands, both at sealevel and to 2000 m a.s.l. L. forficatus is common in all synanthropic habitats. It is the biggest representative of Lithobiomorpha in Poland. Due to its large size (up to 35 mm long) it is especially abundant where there are stumps, rotten logs, branches, boards and stones on the ground -under which it finds shelter (Kaczmarek, 1979 (Kaczmarek, , 1980 Le niewska, 1996 Le niewska, , 1997 .
RESULTS
Phoretic mites belonging to several systematic groups were recorded on 141 individuals (6.9%) out of the total of 2018 specimens of 31 species of Chilopoda that were collected (Table  2) . Phoretic mites were found on 10 different species of Chilopoda, but Uropodina were found only on one species. They were associated exclusively with Lithobius forficatus. Deutonymphs were recorded on 30 individuals of this centipede, which was 1.5% of all captured Chilopoda and 21.3% of the mite-carrying centipedes. Mites of the sub-order Uropodina constituted 33.4% of all the mites recorded on centipedes. A total of 155 phoretic deutonymphs of the sub-order Uropodina were collected, belonging to two species of mite -Uroobovella pulchella and Figs 1-6. Uroobovella pulchella -species transported by Lithobius forficatus: 1 -female, dorsal side, 2 -sculpture and dorsal chaetotaxy, 3 -female, ventral side, 4 -male, ventral side, 5 -phoretic deutonymph, dorsal side, 6 -phoretic deutonymph, ventral side. (Tables 3, 4) . The other mite groups represented were Pygmephoridae and Histiostomatidae.
Oodinychus ovalis
In almost all cases (97%) the centipede transported only one species of mite. Only one centipede was recorded transporting both species of Uropodina.
Mite preference for particular centipede body segments
Mites of the sub-order Uropodina were most frequently attached to the sides of a centipede (99% of mites) (Fig. 11) .
Only one U. pulchella phoretic deutonymph was found on the dorsal surface of a centipede. There were, however, no cases in which mites attached themselves to the ventral side of a centipede.
We confirmed that Uropodina occurred on all segments of centipedes, apart from the head, the forcipular segment and the small XV th segment. Most phoretic deutonymphs were attached close to the head -on the third (14.5%), fifth (12.5%) and sev-
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Figs 7-10. Oodinychus ovalis -species transported by Lithobius forficatus: 7 -female, dorsal side, 8 -female, ventral side, 9 -phoretic deutonymph, back, 10 -phoretic deutonymph, ventral side. enth (10.6%) segments. The greatest percentage of U. pulchella phoretic deutonymphs, however, were on the second segment of L. forficatus. Attachment to the thirteenth segment was relatively rare (1.4%), as was attachment to the ninth and eleventh (2.0%) and sixth segments (2.1%) ( Table 3) . Preference for anterior segments of the body of L. forficatus was marked in U. pulchella and less so in O. ovalis.
The mites usually occurred singly on individual parts of a centipede's body. Less frequently two (18.6%) or three (10.3%) individuals were found on the same segment. Cases of four (4.1%) or even six phoretic deutonymphs (1.0%) on a single segment of a centipede were very infrequent.
Location of habitats where phoresy occurs
Centipedes transporting mites were found in both natural and anthropogenic habitats. Of the 11 sites located in various parts of Wielkopolska, as well as in 2 located in other parts of Poland, from which the centipedes came, phoretic Uropodina were found at only 4. The incidence of individuals of L. forficatus carrying Uropodid mites at particular sites was: in the Cytadela park, Pozna -13.25%, the Obrzycko park -9.5%, the Bielinek reserve -8.7%, and the opuchówko reserve -7.41%.
DISCUSSION
Unlike the nonspecific phoresy of Uropoda orbicularis M ller, 1776 by coprophilous beetles of several families (Bajerlein & B oszyk, 2004; Bajerlein & Przewo ny, 2005) as well as other groups of insects, both species of Uropodina found in the present study selected a particular carrier. It is significant that the mites of the sub-order Uropodina recorded in this study were transported by a single species of centipede -Lithobius forficatus, despite the fact that this species coexists with 30 other species of centipede. This raises the question how these mite select their carrier. This is particularly so for Oodinychus ovalis, which is not so selective with regard to insects. It has been recorded on 13 species of beetles, belonging to several different families (Carabidae, Silphidae, Scaphidiidae, Elateridae, Cucujidae, Erotylidae, Endomychidae, Scarabaeidae and Anthribidae). The majority of these beetles are associated with dead wood. It is also found on many other species of beetle, such as Cychrus rostratus, Agonum sp., Silpha sp., Scaphidium quadrimaculatum, Elater sanguineus, Cucujus cinnaberinus, Triplax aenea, Endomychus coccineus, Geotrupes stercorosus, Valgus hemipterus, Dorcus parallelopipedus and Anthribius sp. (Mašán, 2001) .
Unlike the mites living in extremely temporary and dispersed microhabitat such as cattle dung, those species associated with dead wood in forests only have to traverse short distances. We suggest that the genesis of the relationships between Uropodina and centipedes developed as follows. In the prevailing climatic conditions in Central Europe the climax plant community is normally forest. Originally the majority of the land was covered with trees. Mites, moving from one rotting stump to another, did not have to cross large distances. In this case, it was not necessary dispersed by winged insects, which are able to cover significant distances. They used therefore as a carrier a large species of centipede, occurring in large numbers in this environment, able to cover easily the distance separating one merocenosis from another. This predator is very mobile and can move rapidly from one place to another, especially at night. During the day L. forficatus remains motionless, hidden in dead wood or under bark. At that time it is easy for the relatively slow-moving phoretic deutonymphs to attach themselves to a carrier. In attaching themselves to the sides of the body close to the coxa mites are less likely to be damaged during transport. Mites do not attach themselves to the underside or dorsum of centipedes, where they would be quickly dislodged when centipedes squeeze through narrow cracks in wood. It cannot be entirely discounted, though, that some mites attach themselves to the tergites or sternites of centipedes, but become dislodged.
The greater intensity of phoresy in anthropogenic environments, such as parks, may be explained by the greater distance between the microhabitats inhabited by mites. In parks trees are more sparsely distribute and there is less dead wood on the ground, thus mites have to tranverse greater distances. Furthermore, the chances of finding an appropriate habitat by a phoretic deutonymph is smaller in parks than in forest. It seems, therefore, justified to accept the hypothesis that the natural biological reaction of mites in such a situation is increased phoresy. This adaptation would account for the observations reported here. organisms. The evolution of specific phoretic adaptations and selectivity with regard to the carrier indicate that originally this species of mite was associated with dead wood. Perhaps the transfer to life in the soil occurred later, possibly as a direct result of the loss of phoretic deutonymphs in forest litter.
It is possible that the method of sampling also influenced the frequency of phoresy recorded in the different study plots. Phoretic Uropodina were not found in samples collected in the oakhornbeam forests of Wielkopolska (HG, BB, BG, G1-G5). Centipedes were captured only from litter-soil samples. Thus, only a low number of L. forficatus, which is found mainly in stumps and rotten logs, was collected. None of the individuals carried mites, despite the presence of both phoretic Uropodid species in the litter and rotten wood (B oszyk et al., 2003) . This would indicate that the frequency of phoresy is lower in forests than in parks. It is interesting that L. forficatus was the only centipede recorded with Uropodina -for unknown reasons phoresy was not recorded on other species.
The abundance of O. ovalis in the soil in Wielkopolska is relatively low and very variable, as previous studies have shown. The abundance of these mites in individual plots varied from 1 to 137 individuals per 1 m 2 , with the lowest in the reserves and highest in forests and parks influenced by human activity. The abundance of U. pulchella depends on the amount of rotten wood present in the area (B oszyk et al., 2002b, c, 2003) . The qualitative and quantitative structure of centipede communities and its influence on Uropodid mite phoresy during the season will be the subject of further studies.
For insects with large numbers of mites attached to their body (sometimes in excess of 100 individuals), phoresy can be harmful, as they prevent the insect from flying, inhibit movements and may even result in exhaustion and death (Bajerlein & B oszyk, 2004) . In such cases we are dealing with transport parasitism. The centipedes observed in this study normally carried from 1 to a maximum of 16 phoretic uropodine deutonymphs, which is not a great burden for the host. Lewis (1981) also emphasises that the phoretic relationship is not parasitic for centipedes as the mites do not harm them.
